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Abstract 
The complexion that coal gives priority to others resource is decided by the energy production  and consume structure. 
It is difficult to change in the future. With the economy growth, the energy demand is increasing, especially  the oil 
and natural gas. But the resource condition of oil and natural gas are not optimism, domestic production is satisfy to 
the energy demand difficultly, the direct way is by the import. However the import is affected by the international 
energy subsituation, and it can affect the energy safety. Whereas the abundant coal resource, the coal can substitute 
the oil(natural gas).It not only cuts down the dependence on the overseas energy, but also builds up the safety. So, 
applying the trans-log production functionˈthe text analyses the substitution among capital, coal, oil and natural gas 
in China. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
These problems, such as gradual depletion of global oil and gas, rising international oil prices, China's 
resources structure of more coal and less oil, energy independence and national security problem and so 
on, determine whether we like it or not, and regardless of how many difficulties, it is an inevitable choice 
that China implement the strategy that coal substitutes oil (gas).  
In the future, when the oil (gas) depletes, coal is the basic alternative resources of liquid fuel and 
organic chemical raw material. Substitute of coal to oil(gas)can make up the defect of resources 
structure,and ensure sustainable economic development; Substitute of coal to oil(gas) can relieve the 
pressure of excessive external dependence increasing energy independence support system to ensure 
national security; Substitute of coal to oil(gas) can substantially increase the coal value. From the 
perspective of opportunity cost, the added value of deep processing of coal is much higher than the direct 
combustion heat value. Implementing substitute of coal to oil(gas) strategy, we need to work hard on coal 
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gasification, liquefaction, clean coal technology, coal processing, a new application of liquid and gaseous 
fuels, etc.We should realize the industrialization based on economic rationality and technical feasibility. 
With the mature of clean coal technology and a higher level of industrialization, coal will be the pillar 
industry to ensure China's energy supply security. 
Foreign scholars [1-5] research on the energy substitution more mature, meticulous, and research 
applications focus on the industrial sector, most of them use linear or CES production function or tranlog 
production (cost) function, they research the energy price elasticity issues using the output and input 
factor price. 
While domestic scholars [6-7] have no many researches in this area, mainly because China's energy 
pricing mechanism is not perfect, there are some difficulties in studying alternative energy applying cross-
price elasticity. This article attempts to estimate substitution elasticity between capital and coal, oil, natural 
gas, applying the tranlog production function. 
2. Quantitative  Analysis of energy substitution  
A     Selection  of  Variables 
Gross domestic product (GDP) and the consumption of coal (C), oil (O), gas (G) are all from "China 
Statistical Yearbook" and "China Energy Statistical Yearbook".Gross domestic product is constant price 
of 1978, the unit is a million Yuan; The unit of energy consumption is the tons of standard coal; input is 
the capital stock (K).To consider technical progress over time, it introduces a time trend variable t, taking 
into account technological advances to production function. Selecting from 1978 to 2005 is the sample 
data. Capital variable selection uses the perpetual inventory method. 
B   Setting up  and Analysis  the Model 
The tranlog production function is as follows: 
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The output elasticity of input factor is that an increase of 1% of this factor caused the output change 
rate  when the others input factors don’t change. The formula of capital output elasticity is as follows:     
WEEEEEEK WKtKKtKK K  tkgtkokc lnGlnOln2Cln                   ˄2˅
Coal, oil and natural gas have similar output elasticity formula. 
Formula of output independent chang elasticity over time is as follows: 
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                                         ˄3˅
Output independent chang elasticity over time reflects change of input neutral technical progress rate. 
When the two factors can replace each other, the same amount of output can be produced by using 
different factors combination.The factor marginal technical substitution rate is a ratio that the amount of 
one factor reduced compares with the amount of another factor increased  When the production keeps 
certain. 
Formula of the marginal substitution rate of capital on coal is as follows: 
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There has a similar formula for the marginal substitution rate among capital, oil, gas and coal. 
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Factor substitution elasticity reflects the change degree of the marginal technical substitution rate 
causes the change degree of factor relative proportion, that is to say substitution capacity. 
So the formula of substitution elasticity of capital for coal is as follows: 
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There has a similar formula for the substitution elasticity among capital, oil, gas and coal. 
It can be seen that the output elasticity, the marginal substitution rate and the substitution elasticity 
reflect interactions between input factors, between input factors and the trend variable (time) in the 
translog production function.So, compared with the Cobb-Douglas production function and the constant 
substitution elasticity production function (CES), the tranlog production function can reveal more content 
within the economic system. 
Because of serious collinearity among variables, this paper uses method of ridge regression to estimate 
parameters. The ridge parameter R = 0.88is determined by the ridge parameter trajectories using 
STATISTICA6.0 soft package[8]. R2 = 0.9466, Adjusted R2 = 0.4131, F (20,2) = 1.7742,p <0.42208, 
standard error estimated is 0.49134. All regression coefficients are positive. Time trend term is positive 
implies that there is neutral technological progress having the accelerating trend;and cross items and 
square items are all positive ,which means scale return is increasing. All above consistent with the 
Chinese economy development.We can think that the model parameter estimation results are 
reasonable.According to the model estimation results, we can calculate the substitution elasticity and the 
marginal technical substitution rate of all kinds of input factors each year, which can be seen in Table 1 
and Table 2 belows. 
From Table 1, the substitution elasticity of capital for coal is greater than 1, which is strong 
substitution elasticity; the substitution elasticity of capital for oil and natural gas is between 0 and 1, 
belonging to the weak substitution elasticity, but the ability of capital substituting natural gas is greater 
than the ability of oil. In short, the ability of capital substituting coal is stronger. 
    Substitution elasticity of coal instead of oil is greater than of natural gas, both are greater than 1, 
belonging to strong substitution elasticity, which shows substitution of coal instead of oil is stronger than 
gas ability. 
Table 1  The Substitution Elasticity Between Various Inputs 
Year 
Capital
and Coal 
Capital
and Oil 
Capital
and Gas
Coal and 
Oil
Coal and 
Gas
1978 1.2999 0.8957 0.9482 1.0444 1.0433 
1985 1.3036 0.8925 0.9487 1.0441 1.0431 
1990 1.3161 0.8935 0.9504 1.0431 1.0421 
1995 1.3259 0.8947 0.9519 1.0424 1.0414 
2000 1.3406 0.8989 0.9538 1.0414 1.0404 
2001 1.3437 0.8999 0.9541 1.0412 1.0402 
2002 1.3464 0.9017 0.9544 1.0411 1.0401 
2003 1.3486 0.8988 0.9547 1.0410 1.0400 
2004 1.3499 0.9007 0.9547 1.0410 1.0400 
2005 1.3533 0.8991 0.9552 1.0408 1.0398 
Table 2   The Marginal Technical Substitution Rate Between  
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Various Inputs 
Year Capitaland Coal 
Capital
and Oil 
Capital
and Gas 
Coal and 
Oil
Coal and 
Gas
1978 0.5855 1.2012 9.0901 2.0515 15.5240 
1985 0.6286 1.4418 10.3251 2.2936 16.4250 
1990 0.6686 1.9779 16.1105 2.9582 24.0953 
1995 0.7390 2.2580 19.6300 3.0555 26.5622 
2000 0.8892 2.5571 26.7251 2.8755 30.0530 
2001   0.9276 2.5887 28.1709 2.7907 30.3689 
2002 1.0465 2.4975 29.0094 2.3864 27.7192 
2003 1.2133 2.6758 28.0331 2.2052 23.1031 
2004 1.2908 2.6202 29.6564 2.0298 22.9747 
2005 1.4453 2.7173 28.7840 1.8800 19.9149 
The marginal substitution rate of capital on coal is 0.586 in 1978, it rose to 1.445 in 2005 already. That 
shows a unit capital can substitute the more coal year by year. The marginal substitution rate of capital on 
oil and natural gas has upward trend, but the alternatives proportion is different A unit capital can 
substitute more natural gas than the coal, oil.This may be due to the reason of the less consumption 
amount of natural gas than coal. 
The marginal technical substitution rate of coal on oil firstly is increased and then decreased, from 2.051 
in 1978 rosing to 3.055 in 1995, and begins to decline from 1996 , it is 1.88 in 2005. The marginal 
technical substitution rate of coal on natural gas has the similar trends, but the decline year is later than oil, 
and the alternative proportion is much larger than oil. This is due to the less consumption of natural gas. 
3. Conclusions and Countermeasures  
1. Using translog production function, the paper estimates the substitution elasticity of capital, coal, oil, 
natural gas between any two, the results show that: the substitution elasticity of capital for coal is greater 
than the capital substitution of oil and natural gas, with the same number capital, capital replaces coal 
easier than the oil and natural gas. Elasticity substitution of coal instead of oil is greater than the natural 
gas, indicating the same amount coal replaces oil easier than natural gas. 
2. The results of translog production function model show that: the marginal substitution rate about 
capital of coal, oil, natural gas from each other has a rising trend over time, but the alternative proportion 
is different, a unit capital can substitute more natural gas than coal, oil.Maybe the current number of 
natural gas consumption is much smaller than coal, oil.The marginal substitution rate about coal of oil, 
natural gas from each other has a trend of first increased and then decreased over time,but the year of 
natural gas began to decline later than oil, and the alternative proportion is much larger than the oil, there 
has the same reason as aboves. 
3. Above these energy substitution are researched from an economic perspective not considering 
replacement cost and the international oil and gas prices. Mainly due to China's energy pricing mechanism 
unperfect, it does not reflect the situation of energy supply and demand. With the price mechanism 
improvement, we can apply the cross-price elasticity to study energy substitution. Foreign research in this 
area is matured, this is a future research direction. In fact, with the rapid development of scientific and 
technological progress, the cost coal replacing oil, natural gas will be gradually reduced. As oil, natural gas 
each has a degree of gap, this paper will not consider the substitution between oil and natural gas. 
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